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There has been much .interest in the possibility of planting a 
legume with forage sorghums to increase the protein per cent of the 
forage. ~ growers are of the opinion that it would be more con-
venient, and possibly more economical to increase the protein per cent 
of a forage than to supplement the forage with a high-protein supple-
ment. 
The primary purpose of this study was to provide information 
leading to the optimum production of a forage with a higher protein 
percentage. More specifically, the aim was to determine what effect 
summer lesumes, interplanted with a forage sorghum, would have on the 
yield and protein content of the forage. 
Information on forage sorghums grown with a legume is limited. 
Most experimental work has been done on each crop separately. More 
information on the competing ability of the two crops when grown to-
gether would be of vf.].ue to the grower. 
l 
LITERATURE REVIEW 
Slate and Brown (11)1/ of Connecticut reported three years' work 
with soybeans and corn as a combination crop for silage. The corn was 
planted at one rate in both checked and drilled rows and the soybeans 
were interplanted at five different rates with both the checked and 
drilled rows of corn. They found that the combination of one stalk of 
corn and three of soybeans produced more dry matter and more pounds of 
protein per acre than corn alone. Odland (10) found no significant in-
crease in air-dry forage or total digestible nutrients by growing corn 
and soybeans in combination as compared to growing corn alone. 
Borst and Park (1) stated that growing soybeans and corn together 
for silage had little advantage over growing corn alone. Generally 
there were enough soybeans lost in harvest to offset the increase in 
protein. McClelland in Arkansas (6) found that planting legumes with 
corn reduced the yields in most cases. The loss in yield was greater 
from velvet bean than from cowpeas and soybeans. 
Nevens (7) found that seeding 1.5 bushels of soybeans per acre 
with the usual amount of sudan seed would increase the yield and improve 
the feeding Talue of the forage. 
Nevens ii AJ.. (9) reported that the variety of each crop used was 
e.n 1mportant factor in the yields obtained when sorghum and soybeans 
were interplanted. They also found that the quality of silage made 
JI Numbers in parentheses refer to Literature Cited 
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from sorghum could be improved when eombined with green soybean forage. 
Also the yield and quality of silage was inrproved in some seasons by 
growing adapted sorghums and soybeans together .. Ellington (4) observed 
that forage type sorghums grow alone at a heavy seeding rate produced 
more tonnage than sorghum grown in comb:1.rmtio:n with soybeans. However, 
the feeding vaJ.:u.e of the straight sorghum silage was somewhat lower 
than that of the combination silagei .. 
Hopkins (5) compared CSO'W])ea and soybea;:i silage with clover hay. 
The eomposition of the eowpea silage corresponded closely to that of 
the hay, while the soybean silage was equal to the hay in protein, 
higher in fat, and lower in net energy. 
Zah:nley (13) reported that the practice of pla~.ting soybeans with 
corn "Was used in Kansas,, He s·tated tha:t so;y-'beans oould be planted at 
the same time and in t,ha same row with 001 .. n by using a bean and pea 
attachment on the corn plantex·. 1:'he {'JOl"n was planted at the usual rate: 
and the soybean rates ranged from four to eigb;t pounds per acre. He 
found that planting corn a:i. the usual rate. with eight pourJ.ds of soy-
beans per acre in the same rov gave :more pounds of' protein per acre than 
corn planted alone. Dvorachek et al. (3) observed that silage made from ---
corn and cowpeas was more palatable than silage made f'rom corn alone, 
and that the combination ai1age was more valuable, pound for pound, th,:n 
the corn silage,. 
MATERIALS AND METHODS 
A forage and protein yield study of sorghum planted alone and in 
combination with four summer legumes was conducted on the Oklahoma 
State University Agricultural Experiment Station near Perkins in the 
summer of 1958 on a Vanoss fine sandy loam soil. 
The objective of the study was to determine the effects on yield 
and protein content of the forage when a legume was planted with sor-
ghum as compared to sorghum planted alone with 21 and 42 inch row spacing. 
The field J.a,out consisted of one main plot which was subdivided 
into four replications in a randomized block design. Each 50 foot rep-
lication ~onsisted of 13 treatments in rows 21 inches apart and 13 treat-
ments in rows 42 inches apart. Each treatment included a four row plot · 
from which the two center rows were harvested. The 26 tr.eatmentenwere 
placed in each replication at random. The crops used were Sumac 1712 
sorghum, Iron K-329 cowpeas, Groehler guar, Jumbo mungbeans, and Dorman 
soybeans. 
The treatments were composed of: each of the five crops planted 
alone in solid stands; each of the legumes planted in alternate rows 
with the sorghum; and each of the legumes interplanted within the same 
row with the sorghum. Each combination was planted in 21 and 42 inch 
rows. The field l~out plan is shown in Figure I. 
AV-belt planter was J1Sed to seed the plots so that the different 
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Treatments 
42 inch rows 21 inch rows 
1. ~olid cowpeas 14. Solid cowpeas 
2. Solid mungbeans 15. Solid mungbeans 
3o Solid guar 16. Solid guar 
4. Solid soybeans 17. Solid soybeans 
5. Solid sorghum 18. Solid sorghum 
6. Mixed cowpeas and sorghum 19. Mixed cowpeas and sorghum . 
7. Mixed mungbeans and sorghum 20. Mixed mungbeans and sorgh~ 
8. Mixed guar and sorghum 21. Mixed guar and sorghum 
9. Mixed soybeans and sorghum 22. Mixed soybeans and sorghum 
10. Alt. cowpeas and sorghum 23. Alt. cowpeas and sorghum 
11.. Alt. mungbeans and sorghum 24. Alt. mungbeans and. sorghum 
120 Alt. guar and sorghum 25. Alt. guar and sorghum 
13. Alt. soybeans and sorghum 26. Alt. soybeans and sorghum 
Figure 1. Field plan 
6 
were used when each crop was seeded alone: 
Soybeans - 10 viable seeds per foot 
Guar - 4 II ti II ti 
Cowpeas - 4 II ti II II 
Mungbeans - 5 II II II II 
Sorghum - 6 II II II ti 
Where two crops were planted within the same row, one-half the recom-
mended seeding rate for both crops was used. A comparable stand was 
obtained and no thinning was required. 
The seeding date was July lt which is later than the May 10 to 
June 10 date recommended for seeding these crops in Oklahoma. This 
late seeding date was necessary because the first planting, on May 21, 
was seriously injured by an attack of the chinch bug on the sorghum and 
the jackrabbit on the soybean plants. 
General cultural practices common to this area were used on the 
plots during the growing season. The 42 inch spacings were cultivated 
twice and the 21 inch spacings were not cultivated. 
The rainfall for the growing season was above average. However, a 
supplemental irrigation of three inches of water was applied on June 23 
to pack the soil after the first crop had been destroyed with a field 
cultivator and to give adequate surface moisture to germinate the seed. 
The rainfall from January 1 to October 1 was 30.41 inches (Table I). 
The initial plan was to harvest all plots at the same date, however 
the legumes and sorghum did not reach the desired maturity stage simul-
taneously; therefore, it was necessary to make two separate harvests. 
The first harvest was September 5, when the legumes were estimated to 
be at their maximum forage yield stage. At this date, a few mungbean 
pods had turned black, the gu.ar had lost some leaves due to Alternaria 
Leaf Spot, and a few cowpea pods had turned brown, but the plants were 
7 
TABLE I 
DAILY RAINFALL AT PERKINS, OKLAHOMA, JANUARY lj 1958 TO SEPTEMBER 30, 1958 
Day Months 
Jan. Feb. Maro April May June July Aug. Sept. 
1 .49 
2 006 .13 
3 .91 
4 .01 
5 .39 .03 
6 .01 .80 .02 oOl 
7 .32 .06 .16 oOl 
8 .66 .08 
9 .27 .01 .06 
10 .24 .08 1.06 .02 
11 .18 
12 .03 .58 .13 1.88 .10 
13 ,49 
14 .01 .06 .13 .12 
15 .05 .31 .85 .13 
16 .06 lo84 2.49 
17 .34 .03 .02 .65 
18 .04 
19 1.09 .92 .02 
20 .11 1.29 2.36 .0.3 
21 .14 L.33 .11 .02 
22 .05 • 0.3 
23 .01 .72 .07 .02 
24 
25 2.04 
26 .22 .~8 
27 1.42 
28 1.20. .03 .06 
29 .02 .16 
.30 .07 .08 
31 
Totals 1.41 .90 4.71 2.14 1.70 7.52 4.1.3 4.83 .3.07 
8 
considered to be at their maximum stage for forage production. At this 
date the sorghum was in the bloom stage, which is considered immature 
for best forage production. The plots of soybeans were not harvested 
because of heavy rabbit damage in the early stage of growth. 
The sorghum was in the hard dough seed stage at the second harvest 
on October 1. Since the cowpea has an indeterminate growth habit, it 
was still in good condition for forage production. The guar had lost 
all leaves, but the seeds were still somewhat soft. The mungbeans had 
shattered much of the seed and had lost most of the leaves. 
In harvesting each plot, 1/500th of an acre was taken at each date. 
,. A moisture sample was taken from each treatment and dried at 160° F. and 
the dry matter content was determined. The samples were then ground in 
a Wiley mill and divided into approximately 75 gram samples. The nitro-
gen content of each sample was determined by the Kjeldahl method and 
converted into per cent protein by using 6.25 as the conversion factor. 
The yields were recorded in pounds per plot and then converted to 
pounds of dry matter per acre. The protein percentage of each sample 
was multiplied by the dry matter to give pounds of protein per acre. 
The data was statistica.l.ly analyzed following methods used by 
Snedecor (12) and Duncan (2). The analysis of variance and the multi-
ple range tests were calculated on total dry matter weight, per cent of 
protein, and pounds of protein per acre. 
RESULTS AND DISCUSSION 
Significant differences among treatments for pounds of dry matter ( 
per acre, pounds of protein per acre, and per cent protein were obtained 
1 
for each harvest (Tables II, IV, V, VI, VII) with the exception of the ) 
pounds of dry matter per acre in the second harvest (Table III)o Sorghum ( 
in the 21 inch rows yielded more dry weight in the first and second har-
vest than a:ny other treatment. In all treatments except guar planted 
alone, the 21 inch row spacings prod~ced more pounds of dry matter per 
acre than the 42 inch rows (Tables VIII, IX). In the one exception, the 
42 inch rows of guar produced 245 more pounds dry matter than did the 
21 inch rows. However, the difference was not significant. 
The multiple range teats (Table VIII) showed that the 21 inch rows 
of interplanted gu.ar and sorghum produced significantly more dry weight 
than the 42 inch rows of interplanted guar and sorghum. The multiple 
range tests (Table IX) did not show a significant difference in dry 
weight in the second harvest between sorghum in 21 inch rows and sorghum 
in 42 inch rows. However, the orthogonal comparison test showed a sig-
nifieant advantage of sorghum in the 21 inch rows. This can be accounted 
for because individual orthogonal comparisons are more sensitive compari-
sons than the multiple range tests. This was the only instance that the 
two tests differed. 
In all but two cases, the 21 inch row spacings produced more pounds 
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2016128 .. 6 
35,4680600 
F 
Treat., 19 71866053~ 378242.308 2o81* 
Error 57 '76'"'/E/76E;9 ~ 
* Significance at 5% level 
Coefficient of Variation~ 17% 
TABLE III 
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ANALYSIS OF VARIANCE OF THE POUNDS OF PROTEIN 
PER ACRE PRODUCED IN THE FIRST HARVEST . 
Sum of Mean 
d.f. Squares Square 
79 5340239.51 67597 .. 96 
3 1328495.68 442831.89 
19 468888.3 .4 9 246783.34 
57 322860 .. 36 5664.21 
* Significance at 5% level 
Coefficient of Variation= 12% 
Source of 
TABLE V 
ANALYSIS OF VARIANCE OF THE POUNDS OF PROTEIN 
PER AGRE PRODUCED IN THE.SECOND HARVEST 




Variation d.r. Squares Square F 
Total ,I 55 1147931.86 
Reps. 3 122976.50 
Treat. 13 426644.,49 
Error 39 598.310 .. 87 
, ·•. 
*Significance at 5% level 




15.341 • .304 
TABLE VI 
ANALYSIS OF VARIANCE OF THE PER CENT OF PROTEIN 
PRODUCED IN THE FIBST HARVEST 
Soilree-·or Sum or· 
Variation d.f. Squares 
Total. 79 776.65 
Reps~ 3 9.76 
Treat. 19 717.77 
Error 57 69 .. 12 
* S;ignificance at 5% level 
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* Significance at 5% level 



















second harvests (Tables X, XI). The two exceptions$ both in the first 
harvest, were guar planted alone and guar in alternate rows with sorghtm1. 
There was no significant difference between the two spacings of guar 
grown alone. Both cowpea spacings, 21 inch mungbean spacings, and 
42 inch guar apacings were significant ly higher in pounds of protein per 
acre than any sorghum plot or any combination. 
In the first harvest, guar inter.planted wi.th sorghum in 21 inch 
rows produced more protein per acre than any Cl".imbin.atlon planting (TabJ.e I). 
Howeger ;, this treatment was not statist icall y higher than the 21 inch 
rows of cowpeas in alternate rows with sor ghum .. In the second harvest, 
the cowpeas in alternate 21 inch rows wJ.th sorghum produced more pounds 
of protein per acre than any other combination., and was significantly 
higher than the guar intsrplanted with sorghum, which was the better 
yielder in the first harvest. 
The cowpeas in alternate rows with sorghum pro,duced. more pounds of 
protein per acre than the cowpeas and sorghum interplanted within the 
same row in comparable spacings in the first and second harvest. 
There was no significant difference in row spacings in the first 
harvest when comparing the cowpea and sorghum combinations (Table X), 
but there was a significant difference between 21 inch rows and 42 inch 
rows of the cowpea combinations in the second harvest. The 21 inch rows 
yielded significantly more pounds of protein than the 42 inch rows. 
With o e e.Jroeption, the alternate legume and sorghum plantings 
were higher in per cent protein than the legume sorghum planting withilll 
t he same row (Table XII). The one exception (Table XIII), the 2l inch 
rows of mungbeans interplanted with sorghum, was higher in per cent 
protein than the 21 inch rows of alternate mungbeans and sorghum. 
TABLE VIII 
MULTIPLE RANGE TEST•,OF THE MEA.fls,.·or~'THE"'POUNDS OF DRY 'MATTER 
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Guar 
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Alto cowpeas and sorghum 
Sorghum 
Mixed guar and sorghum 
Mixed cowpeas and sorghum 
Alt. gu.ar and sorghum 
Mixed mungbeans and sorghum 
Alt. mungbeans and sorghum 
Mixed guar and sorghum 
Mixed :mungbeans and sorghum 
Alto cowpeas and sorghum 
Alt. mungbeans and sorghum 
Mixed cowpeas and sorghum 









































MULTIPLE RANGE TEST OF THE MEANS OF THE POUNDS OF PROTEIN 
PER ACRE FOR THE FIRST HARVEST 
Cowpea.s 1123.14 
q[;wpeas 10'~" io .; .... ,.v> 
', 
Gt18.l' 9:34'122 I Ml.ngbeana 861.92 
GtUlr 760.0l 
Mb.ngbeans 668.2:; 
Mixed guar Md sorgh1.m1 655 .. ,44 
Sorghum 620t7'3 
Alt. oo'W})eas and sorgb:um. 60:3.63 
Alt~ raungbeans and sorghttm. 601.45 
Alt, cowpeas and sorghum 596.55 
.Alt. guar and sorghum 530.21 
Sorghum 5231155 
Mixed lJ:CU.ngbeans and sorgb:um 523 .. 21 
Mixed eowpeas and sorghum 51.8.96 
Alt. guar and sorghum 468.61 
Mixed eovrpeas and sorghtun 460.01 
1-llxed guar and sorghum 452 .. 68 
Alt. mr.uigbea:as a.nd sorghtun 435.38 
Mixs~ mungbeans and serghmn 414~37 
16 
TABLE II 
MULTIPLE RANGE TB:ST OF THE MEANS OF THE POUNDS OF PROTEIN 
PER ACBE .FOR THE SECOND HARVEST 
17 
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Alt. cawpeas and sorghum 
Sorghum 
Mi.1:ed eowpeas and sorghum 
A.lt. gna.r emci sorghum 
Sorghu 
Mixed :mungbea.nra and sorghuiu 
Mixed guar and sorghum 
Mixetll nmngbea.IlS and sorghum 
Alt. eowpeas and sorghum 
Mlxed guar and sorghum 
Alt. mung'beans and sorghum 
Alt. mungbeans and sorghum 
Alt. gua.r and sorghum 
Mixed cowpeas and sorghum 
?90.64 














MULTIPLE RANGE TESl'OF'"'TBE MEANS.OF THE PER CENT,OF'JPROTEIN 
FOR THliL FIRST UAaVEST ., 
Row Spacing 
in inches 




























Alt. mungbeans and sorghum 
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MULTIPLE RANGE TEST OF THE MEANS OF THE PER CENT OF PROTEIN 
]'OR THE SECOND HARVEST 
Row Spacing Treatments Mean Ml.1-tiple 















AJJ,. eowpeas and sorghum 
~lixed cowpeas and sorghum 
Alt. mungbeans and scn:·ghu.m 
ilt,, cow:peas and sorghum 
Jl..l t. gua.r e,11d sorghum 
Mixed mungbeaas and sorghum 
Mixed cowpeas and sorghum 
Mixed :mungbeans and sorghum 
Mixed gua:r a.nd so r·ghu.m 
Mixed guar and sorghum 
Alt. mungbeans and sorghum. 
Sorghum 
Sorghum 
'? .. 21 
7.00 






In considering all combinations of sorghum and a legume, the 21 inch 
spacing of cowpeas and sorghum in alternate rows was consistently among 
the higher producing combinations. This one combination was not stat-
isticially lower in dry matter weight, per cent protein, or pounds of 
protein per acre than any combination of legume and sorghum. 
The yield advantage of the 21 inch row spacing may have been a 
seasonal effect, due to adequate moisture . The JO year average rainfall, 
from 1926 - 1955, during the months of June~ July, August, and September 
was 13.26 inches. The 1958 rainfall for the same period was 19.55 inches, 
or 6.29 inches above the 30 year average. 
It appears from this study that it would be advisable to grow the 
sorghum and legume crops separately to get the maximum tonnage and pro-
tein from each crop. At harvest, the forage from the two crops could be 
mixed in any ratio, depending on the protein per cent desired. For 
example, to obtain a ten per cent protein forage three parts of sorghum 
could be combined with two parts of cowpeas. In this ratio, the tonnage 
of the two crops grown separately in 21 inch rows is similar to that 
obtained from the sorghum and cowpeas grown in 21 inch alternate rows. 
However, the protein per cent is increased by two per cent when the two 
crops are grown separately. Thts conclusion is based on the data from 
the first harvest of the two crops, since the legumes grown separately 
were not included in the second harvest. 
If further studies are made on this problem, it would seem advisable 
to place more emphasis on maturity of the varieties of the crops grown 
in t he combinations. In order to have the sorghum and legumes reach 
maturity at the sarqe date, eit~er select later maturing varieties of 
legumes or plant the two crops at different dates. The sorghum could 
21 
be planted early in rows followeq by planting the legume after the sorg-
hum had been cultivated. 
Fertility trials were not included in this studyj but they might 
offer valuable information in increasing dry matter weight as well as 
protein content of the forage. 
SUMMARY AND CONCLUSIONS 
A forage and pr9tein yield study of ~orghl,lill planted alone ~din 
combination with four ~umm.er legumes was conducted on the Oklahoma 
State University Agricultural Experiment Station near Perkins in the 
summer of 1958 on a Vanoss fine sandy loam soil. 
The field design was a randomized block with four replications. 
Each replication consisted of 13 treatments in rows 21 inches apart 
and 13 treatments in rows 42 inches apart planted in two 50 foot ranges. 
A statistical ana:cy-sis was made of the total dry matter weight, 
pounds of protein per acre, and protein per cent. The multiple range 
test showed that the 21 inch row spacings produced more dry matter 
weight and more pounds of protein than the 42 inch spacings in all but 
three entries. 
No legume and sorghum combination raised the total pounds of pro-
tein per acre enough to be significantly higher than sorghum planted 
alone in 21 inch row spacings. The statistical analysis showed a trend 
indicating that the cowpea combinations in 21 inch row spacings would be 
the better yielder of dry matter weight and pounds of protein per acre1 
than any other oombination. In the first harvest, the cowpea, and 
sorghum planted in alternate rows produced more pounds of protein per 
acr e than the oowpeas and sorghum planted within the same row. 
22 
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